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Statutory Authority for Water Statutory Authority for Water 
Quality CriteriaQuality Criteria

Section 304(a)(1) Section 304(a)(1) …… EPA shall develop and EPA shall develop and 
publish criteria for water quality that publish criteria for water quality that 
accurately reflect the latest scientific accurately reflect the latest scientific 
knowledge on all identifiable effects on knowledge on all identifiable effects on 
health and welfare to plankton, fish, health and welfare to plankton, fish, 
shellfish, wildlife, plant life, shorelines, shellfish, wildlife, plant life, shorelines, 
beaches, esthetics, recreation, biological beaches, esthetics, recreation, biological 
community diversity, productivity, and community diversity, productivity, and 
stabilitystability……

AWQC in the USAAWQC in the USA
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So whatSo what’’s new from HQ regarding s new from HQ regarding 
AWQCAWQC……

Biotic Biotic LigandLigand Models (BLM)Models (BLM)
Emerging Contaminants (including Emerging Contaminants (including EDCsEDCs
and and PPCPsPPCPs) Exploration of  "screening ) Exploration of  "screening 
criteria/values"criteria/values"
Incorporation of data for nonIncorporation of data for non--
traditional endpoints and organismstraditional endpoints and organisms

Water Quality Criteria Water Quality Criteria 
around the worldaround the world
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A rose by an other nameA rose by an other name……

Ambient water quality criteria (AWQC)Ambient water quality criteria (AWQC)
Canadian water quality guidelines (WQG)Canadian water quality guidelines (WQG)
Predicted no effect concentrations Predicted no effect concentrations 
(PNEC)(PNEC)
Australian trigger valuesAustralian trigger values
OECD Maximum tolerable concentrations OECD Maximum tolerable concentrations 
(MTC)(MTC)
Etc.Etc.

Numerical criteria/standardsNumerical criteria/standards

Values derived are scientificallyValues derived are scientifically--based based 
numbers which are intended to protect numbers which are intended to protect 
aquatic life from the adverse effects of aquatic life from the adverse effects of 
contaminants without consideration of contaminants without consideration of 
defined water body uses, societal defined water body uses, societal 
values, economics, or other nonvalues, economics, or other non--
scientific considerations.scientific considerations.
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Water quality policies differ globallyWater quality policies differ globally

EUEU’’ss Water Framework Directive Water Framework Directive 
Policy is intended to Policy is intended to “…“…contribute to contribute to 
pursuit of the objectives of preserving, pursuit of the objectives of preserving, 
protecting, and improving the quality of the protecting, and improving the quality of the 
environment, in prudent and rational environment, in prudent and rational 
utilization of natural resources, and to be utilization of natural resources, and to be 
based on the precautionary principalbased on the precautionary principal and on and on 
the principles that preventive action should the principles that preventive action should 
be taken, environmental damage should, as a be taken, environmental damage should, as a 
priority, be rectified at source and that priority, be rectified at source and that 
the the polluter should paypolluter should pay..””

Policies differ globally (cont)Policies differ globally (cont)

Precautionary principlePrecautionary principle
““In order to protect the environment, the In order to protect the environment, the 
precautionary approach shall be widely precautionary approach shall be widely 
applied by States according to their applied by States according to their 
capabilities.  capabilities.  Where there are threats of Where there are threats of 
serious or irreversible damage, lack of full serious or irreversible damage, lack of full 
scientific certainty shall not be used as a scientific certainty shall not be used as a 
reason for postponing costreason for postponing cost--effective effective 
measures to prevent environmental measures to prevent environmental 
degradationdegradation (Rio Convention !992)(Rio Convention !992)
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Policies differ globally (cont)Policies differ globally (cont)

CCME guiding principlesCCME guiding principles
““Guidelines are generic national Guidelines are generic national 
recommendations that are based recommendations that are based 
on the most current scientific on the most current scientific 
information available at the time information available at the time 
of their derivation (i.e., they do of their derivation (i.e., they do 
not directly consider sitenot directly consider site--specific, specific, 
technological, socioeconomic, or technological, socioeconomic, or 
management factors that may management factors that may 
influence their implementation).influence their implementation).””

Policies differ globally (cont)Policies differ globally (cont)

CCME guiding principlesCCME guiding principles
““Guidelines are meant to Guidelines are meant to protect all protect all 
forms of aquatic life and all aspects of forms of aquatic life and all aspects of 
the aquatic life cyclesthe aquatic life cycles, including the , including the 
most sensitive life stage of the most most sensitive life stage of the most 
sensitive species over the long term, sensitive species over the long term, 
from the negative effects of from the negative effects of 
anthropogenicallyanthropogenically altered environmental altered environmental 
parameters (e.g., pH, temperature, and parameters (e.g., pH, temperature, and 
dissolved oxygen) or exposures to dissolved oxygen) or exposures to 
substances via the water column.substances via the water column.””
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Policies differ globally (cont)Policies differ globally (cont)

USEPAUSEPA
Contains many Contains many ““precautionary elementsprecautionary elements”” but but 
does not adhere to the precautionary does not adhere to the precautionary 
principle.  Other factors, including principle.  Other factors, including 
economic considerations, are considered in economic considerations, are considered in 
US environmental policy. US environmental policy. 
US policy does not attempt to protect US policy does not attempt to protect all all 
forms of aquatic life and all aspects of the forms of aquatic life and all aspects of the 
aquatic life cycles at all times but does aquatic life cycles at all times but does 
consider consider ““important species.important species.””

1. Data compilation

2. Data selection
(reliability & relevance criteria)

4. Statistical derivation
of the value

3. Data aggregation

All derivation methods are All derivation methods are 
remarkably similarremarkably similar
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Areas where methods differAreas where methods differ

Guiding principlesGuiding principles
Protecting all organisms in all waters at all timesProtecting all organisms in all waters at all times……
Acute Acute vsvs chronic criteriachronic criteria

Data used for derivationData used for derivation
What species are to be considered in the What species are to be considered in the 
database? (How many and which ones)database? (How many and which ones)
What types of data are used?What types of data are used?

Endpoints (survival, growth, reproduction, other)Endpoints (survival, growth, reproduction, other)
Statistical endpoints (EC10, EC20, MATC, NOEC, LOEC)Statistical endpoints (EC10, EC20, MATC, NOEC, LOEC)
Relevance and reliability assessmentRelevance and reliability assessment

Areas where method differAreas where method differ

Statistical methodology used to derive Statistical methodology used to derive 
criteriacriteria

Log triangular distributionLog triangular distribution
Log normal distributionLog normal distribution
Best fit approachBest fit approach
Burr III distributionBurr III distribution
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European Union Approach: European Union Approach: 
Predicted no effect Predicted no effect 
concentrationconcentration (PNEC)(PNEC)

PNEC derivationPNEC derivation

Algae/invertebrates
/fish

Aquatic ecosystem

Sediment
dwelling

organisms

Sediment ecosystem

Bacteria/
protozoa

Micro-organisms in STP

Bacteria/plants/ 
invertebrates

Terrestrial 
ecosystem

Reference value derivationReference value derivation

General EU-based framework
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General EU framework

1. Data compilation

2. Data selection
(reliability & relevance criteria)

4. Reference Value & 
PNEC derivation

3. Data aggregation

PNEC derivationPNEC derivation--chronic exposurechronic exposure
water

Ideally the SSD should cover at least 8 taxonomic groups containing 
at least 10 NOECs (preferably more than 15) for different species 
(London workshop, 2001). 

Higher plantsHigher plants88
AlgaeAlgae77
A family in any order of insects or any phylum not already repreA family in any order of insects or any phylum not already representedsented66

A family in a phylum other than A family in a phylum other than ArthropodaArthropoda or or ChordataChordata (e.g., (e.g., RotiferaRotifera, , 
AnnelidaAnnelida, , MolluscaMollusca, etc.), etc.)

55

An insect (e.g., mayfly, dragonfly, damselfly, stonefly, An insect (e.g., mayfly, dragonfly, damselfly, stonefly, caddisflycaddisfly, mosquito, , mosquito, 
midge, etc.)midge, etc.)

44

A crustacean (e.g., A crustacean (e.g., cladocerancladoceran, copepod, , copepod, ostracodostracod, isopod, amphipod, , isopod, amphipod, 
crayfish, etc.)crayfish, etc.)

33
A 2A 2ndnd family in the Phylum family in the Phylum ChordataChordata (e.g., fish, amphibian, etc) (e.g., fish, amphibian, etc) 22
Fish (usually tested species like trout, bluegill, channel catfiFish (usually tested species like trout, bluegill, channel catfish etc.)sh etc.)11

Taxonomic GroupsTaxonomic Groups
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Data requirementsData requirements

Only chronic standards are developed, Only chronic standards are developed, 
therefore only chronic tests are therefore only chronic tests are 
considered.considered.

Data requirements are Data requirements are ““looserlooser”” than in the than in the 
US.US.

Data endpoints are EC10 or NOEC.Data endpoints are EC10 or NOEC.

Data aggregationData aggregation
1. Grouping of data
- grouping per species/endpoint
- grouping according to region specific boundaries of physico-

chemical properties (or normalized using bioavailability models)

2. Geometric mean (# > 2 dp)

3. Lowest value based on different endpoints

4. Most sensitive life stage



12

Reference Value/PNEC derivationReference Value/PNEC derivation

Reference Value = 
Lowest value; 

Lowest/AF= PNEC

Limited dataset 
(≤ 3 dp)

Lowest L(E)C50/NOEC

Reference Value/ PNEC

Large dataset 
(>3 dp)

All available toxicity data

Statistical 
extrapolation (SSD) / HC5

Toxicity values

PNEC derivation PNEC derivation -- chronic exposurechronic exposure

1.  Data poor substances
- Additional testing or
- Use of empirically derived assessment factors on the lowest 

acute/chronic value

Available data Assessment factor 

At least one short-term L(E)C50 from each of 
three trophic levels of the base set (fish, 
Daphnia and algae) 

1,000a 

One long-term NOEC (either fish or Daphnia) 100b 

Two long-term NOECs from species 
representing two trophic levels (fish and/or 

Daphnia and/or algae) 

50c 

Long-term NOECs from at least three species 
(normally fish, Daphnia and 

algae) representing three trophic levels 

10d 
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Test Species RequirementsTest Species Requirements

Higher plant

Algae
Benthic crustacean

A family in any order of insect of 
any phylum not already 
represented

A family in any order of insect, or any phylum not 
already represented

A family in a phylum other than 
Arthropoda or Chordata

A family in a phylum other than Arthropoda or 
Chordata

InsectInsect
CrustaceanPlanktonic crustacean

A third family in the phylum Chordata

Second family in the phylum 
Chordata

A second family of fish in the Class Osteichthyes
(preferably a commercially or recreationally 
important warm-water species)

Fishthe family Salmonidae in the Class Osteichthyes
EUUS EPA

PNEC derivation PNEC derivation -- chronic exposurechronic exposure

2. Data rich substances
- Use of statistical extrapolation method (with 

bioavailability correction)
- Both parametric and non-parametric distributions could 

be used
- Impossible to exclude a priori any distribution however, 

log normal or log logistic approach is “strongly”
recommended:
- www.rivm.nl/bibliotheek/rapporten/601501028.html

- Carefully evaluation of goodness-of-fit (preference to 
A/D tests)

- PNEC = 5th % of SSD
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PNEC derivation PNEC derivation -- chronic exposurechronic exposure

2. Data rich substances
- Use of statistical extrapolation method (with bioavailability 

correction)
- At least 4 datapoints
- The more data points the more precise the HC5 will be
- Should include the 
appropriate taxonomic 
groups/trophic levels
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Elements of an AWQCElements of an AWQC

Concentration of Exposure:  How much Concentration of Exposure:  How much ––
aka: aka: MagnitudeMagnitude
Time Period of Exposure:  How long Time Period of Exposure:  How long ––

aka: aka: DurationDuration
Acute (1 hr Acute (1 hr avgavg) & Chronic (4 day ) & Chronic (4 day avgavg))

Frequency of Exposure:  How often Frequency of Exposure:  How often ––
aka: aka: FrequencyFrequency

1x every three years on average1x every three years on average
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Canadian Water Quality Criteria Canadian Water Quality Criteria 
FrameworkFramework

Draft Guideline 
released Summer 2007

Two types of criteriaTwo types of criteria

LongLong--term exposure guidelines identify term exposure guidelines identify 
benchmarks that are intended to protect all benchmarks that are intended to protect all 
forms of aquatic life (all species, all life forms of aquatic life (all species, all life 
stages) for indefinite exposure periods. stages) for indefinite exposure periods. 

ShortShort--term exposure guidelines identify term exposure guidelines identify 
benchmarks that protect only a specified benchmarks that protect only a specified 
fraction of individuals from severe effects fraction of individuals from severe effects 
such as lethality for a defined shortsuch as lethality for a defined short--term term 
exposure period.exposure period.
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Criteria ApplicationCriteria Application

A guideline generally refers to the A guideline generally refers to the totaltotal
concentration of the substance in an concentration of the substance in an 
unfiltered sample. Total concentrations will unfiltered sample. Total concentrations will 
apply unless it can be demonstrated that apply unless it can be demonstrated that 

the relationship between variable fractions and the relationship between variable fractions and 
their toxicity is firmly established and their toxicity is firmly established and 
analytical techniques have been developed that analytical techniques have been developed that 
unequivocally identify the toxic fraction of a unequivocally identify the toxic fraction of a 
variable in a consistent manner using routine fieldvariable in a consistent manner using routine field--
verified measurements.verified measurements.

Separate freshwater and marine Separate freshwater and marine 
criteriacriteria

Guidelines are set separately for freshwater Guidelines are set separately for freshwater 
and marine systems. and marine systems. 

Freshwater is defined as water with total Freshwater is defined as water with total 
dissolved salt content equal to or lower than 1000 dissolved salt content equal to or lower than 1000 
ppmppm (1 g(1 g××LL--1, 10/00 [parts per thousand]).1, 10/00 [parts per thousand]).
Marine water is defined as water with total Marine water is defined as water with total 
dissolved salt concentration greater than 5000 dissolved salt concentration greater than 5000 
ppmppm (5 g(5 g××LL--1, 50/00). 1, 50/00). 
In brackish water (TDS 1In brackish water (TDS 1––50/00), the water 50/00), the water 
quality guideline protecting the most sensitive quality guideline protecting the most sensitive 
condition (freshwater or marine) should be applied, condition (freshwater or marine) should be applied, 
unless sufficient data are available on resident unless sufficient data are available on resident 
aquatic species and environmental conditions to aquatic species and environmental conditions to 
justify a different choice.justify a different choice.
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Three types of criteriaThree types of criteria

Type AType A guidelines are derived using a species guidelines are derived using a species 
sensitivity distribution (SSD) approach when there sensitivity distribution (SSD) approach when there 
are adequate primary and secondary toxicity data to are adequate primary and secondary toxicity data to 
satisfactorily fit a SSD curve. satisfactorily fit a SSD curve. 

Type B guidelines are derived for substances that Type B guidelines are derived for substances that 
either have inadequate or insufficient toxicity data either have inadequate or insufficient toxicity data 
for the SSD approach, but for which enough toxicity for the SSD approach, but for which enough toxicity 
data from a minimum number of primary and/or data from a minimum number of primary and/or 
secondary studies are available. secondary studies are available. 

Type B guidelines are divided into Type B1 and Type B2 Type B guidelines are divided into Type B1 and Type B2 
guidelines, based on the quantity and quality of available guidelines, based on the quantity and quality of available 
toxicity data.  toxicity data.  

Lets take a look at the Lets take a look at the 
SSD fitting proceduresSSD fitting procedures
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Example Data SetExample Data Set
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Data relationships will effect Data relationships will effect 
FAV valuesFAV values
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Results using RIVM ETXResults using RIVM ETX

FAV = 1.5 µg/L

Example Data SetExample Data Set
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Results using RIVM ETXResults using RIVM ETX

FAV = 1.1 µg/L

Biotic Biotic LigandLigand ModelsModels

An implementation nightmare?An implementation nightmare?
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Reality raises its ugly head!

Site Water

Laboratory Water

LC50 = 100µg/L

LC50 = 350µg/L

100µg/L
350µg/L =  3.5

Exposure assessmentExposure assessment
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Site Specificity and Site Specificity and 
BioavailabilityBioavailability

Chemistry MattersChemistry Matters
The physical/chemical characteristics The physical/chemical characteristics 
of the site alter the of the site alter the 
bioavailability/toxicity of the pollutantbioavailability/toxicity of the pollutant
DOC, Hardness, pH, BLM, WERDOC, Hardness, pH, BLM, WER

Biology MattersBiology Matters
The sensitivities of the siteThe sensitivities of the site--species species 
differ from the national data basediffer from the national data base
Recalculation procedureRecalculation procedure

Mechanistic models must be Mechanistic models must be 
used to predict toxicity used to predict toxicity 

Water hardnesspH

Organic carbonTemperature

Laboratory 
Toxicity

Assessment Specific
Toxicity
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[DiToro, 2000]

Active
Metal
Sites

Gill Surface

DOC

H+

Cu2+

Ca2+, Na+ (Mg2+ ?)

SO4
-2

Cl- HO-

CO3
-2{Inorganic Complexes

Cu, CuOH

BLM BasisBLM Basis

Freshwater AWQC using HardnessFreshwater AWQC using Hardness

Cd Criteria Equation* =  e (1.0166 (ln Hardness) – 3.924)

Hardness
(mg/L)

Equation Criteria Value
(μg/L)

50
100
200

e (1.0166 (ln 50) - 3.924)

e (1.0166 (ln 100) - 3.924)

e (1.0166 (ln 200) - 3.924

1.1
2.1
4.3

* Based on total recoverable metal
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Comparison of CMC Calculated by BLM Comparison of CMC Calculated by BLM 
or Hardness Equation [from 2007 or Hardness Equation [from 2007 

Copper Criteria Update]Copper Criteria Update]
 

Figure 5. Comparison of CMC calculated by BLM or Hardness Equation
Alkalinity (11 - 245 mg CaCO3/L) and pH (7.3 - 8.7) Covary with Hardness
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REACHREACH
RRegistration, egistration, EEvaluation and valuation and AAssessment of ssessment of 

ChChemicalsemicals

RRegistrationegistration

all chemicalsall chemicals produced or imported in volumes produced or imported in volumes 
higher than one tonhigher than one ton per year and per per year and per 
manufacturer or importer manufacturer or importer will have to be will have to be 
registeredregistered

5 types of information required5 types of information required
propertiesproperties
intended usesintended uses
likely exposure scenarioslikely exposure scenarios
potential risks to human health and the potential risks to human health and the 
environmentenvironment
how the risks will be managedhow the risks will be managed
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EEvaluationvaluation

all chemicalsall chemicals produced or imported in produced or imported in 
volumes volumes higher than one hundred tonshigher than one hundred tons
per year and per manufacturer or per year and per manufacturer or 
importer importer and those that give rise to and those that give rise to 
concern concern will have to be evaluatedwill have to be evaluated
risk assessment will be requiredrisk assessment will be required
development of additional testing development of additional testing 
programmes for chronic effectsprogrammes for chronic effects

AAuthorizationuthorization

Will be required for Will be required for substances of very high substances of very high 
concernconcern, that is those which are, that is those which are

CMRsCMRs
PBTsPBTs
vPvBsvPvBs
endocrine disruptersendocrine disrupters
substances of an equivalent level of concern, substances of an equivalent level of concern, 

for example for example POPsPOPs
Separate approvalSeparate approval required required for each of the for each of the 
usesuses of a chemicalof a chemical
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A few examplesA few examples

Cobalt and ManganeseCobalt and Manganese

Cobalt: Application of an Cobalt: Application of an 
International Approach for International Approach for 

Developing Aquatic Developing Aquatic 
Criteria/Guidelines/Standards for Criteria/Guidelines/Standards for 

MetalsMetals
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Program BackgroundProgram Background

No AWQC or PNEC exist for CobaltNo AWQC or PNEC exist for Cobalt
In comparison to other metals, relatively In comparison to other metals, relatively 
few data exist for cobalt few data exist for cobalt 
Extant data suggests water hardness may Extant data suggests water hardness may 
have a profound effect on Co acute and have a profound effect on Co acute and 
chronic toxicity.  Possible effects of other chronic toxicity.  Possible effects of other 
factors such as pH, alkalinity and Natural factors such as pH, alkalinity and Natural 
Organic Matter (NOM) were unknown.Organic Matter (NOM) were unknown.

Program ObjectiveProgram Objective

To develop the data necessary for To develop the data necessary for 
derivation of: derivation of: 
an EU predicted no effect an EU predicted no effect 
concentration (PNEC) for cobalt andconcentration (PNEC) for cobalt and
a US national ambient water quality a US national ambient water quality 
criteria (AWQC).criteria (AWQC).

Both efforts must consider the modifying Both efforts must consider the modifying 
effects of water quality parameters on Co effects of water quality parameters on Co 
toxicity, i.e., the Biotic Ligand modeltoxicity, i.e., the Biotic Ligand model..
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Study ApproachStudy Approach

Three tiered experimental design:Three tiered experimental design:
Tier 1: RangeTier 1: Range--finding/screening tests to finding/screening tests to 
identify those mitigating factors likely to identify those mitigating factors likely to 
effect Co toxicityeffect Co toxicity

Existing studies did not always follow Existing studies did not always follow 
standard/acceptable protocolsstandard/acceptable protocols

Study ApproachStudy Approach

Three tiered experimental design:Three tiered experimental design:
Tier Tier 1:Range1:Range--finding screening tests to identify finding screening tests to identify 
those mitigating factors likely to effect Co those mitigating factors likely to effect Co 
toxicity and guide subsequent BLM effortstoxicity and guide subsequent BLM efforts
Tier 2: Develop the acute effects data Tier 2: Develop the acute effects data 
needed for a US EPA AWQC and to set needed for a US EPA AWQC and to set 
exposure concentrations for chronic testsexposure concentrations for chronic tests
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Study ApproachStudy Approach

Three tiered experimental design:Three tiered experimental design:
Tier 1: Tier 1: RangeRange--finding screening tests to identify finding screening tests to identify 
those mitigating factors likely to effect Co those mitigating factors likely to effect Co 
toxicity and guide subsequent BLM effortstoxicity and guide subsequent BLM efforts
Tier 2: Tier 2: Develop the acute effects data needed for Develop the acute effects data needed for 
an USEPA AWQC and to set exposure an USEPA AWQC and to set exposure 
concentrations for chronic testsconcentrations for chronic tests
Tier 3: Develop the chronic effects Tier 3: Develop the chronic effects 
data needed for derivation of an EU data needed for derivation of an EU 
PNEC. PNEC. 

Test program overviewTest program overview

LifeLife--CycleCycleChironomidChironomidInsectInsectInsectInsect

LifeLife--Cycle Cycle 
(21d)(21d)

Daphnia Daphnia 
magnamagna

Planktonic crustaceanPlanktonic crustaceanCrustaceanCrustacean

Early Early 
LifeLife--
StageStage

ZebrafishZebrafishA third family in the phylum A third family in the phylum 
ChordataChordata

Early Early 
LifeLife--
StageStage

Fathead Fathead 
minnowminnow

A second family of fish in the A second family of fish in the 
Class Class OsteichthyesOsteichthyes
(preferably a commercially or (preferably a commercially or 
recreationally important recreationally important 
warmwarm--water species)water species)

Second family in Second family in 
the phylum the phylum 
ChordataChordata

Early Early 
LifeLife--
StageStage

Rainbow Rainbow 
trouttrout

the family the family SalmonidaeSalmonidae in the in the 
Class Class OsteichthyesOsteichthyes

FishFish

Test Test 
MethodMethod

Test Test 
SpeciesSpeciesUS EPA RequirementUS EPA RequirementEU RequirementEU Requirement
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Test program overviewTest program overview

Chronic (7d), Chronic (7d), 
growth rategrowth rate

Lemna minorLemna minorHigher plantHigher plant

Chronic Chronic 
(72h), growth (72h), growth 

raterate

PseudokirchPseudokirch
neriellaneriella
subcapitatasubcapitata

AlgaeAlgae

Chronic Chronic 
(28d), growth (28d), growth 

raterate

HyalellaHyalella
aztecaazteca

Benthic crustaceanBenthic crustacean

Chronic Chronic 
(28d),(28d),

Growth rateGrowth rate

SnailSnailA family in any order of A family in any order of 
insect, or any phylum not insect, or any phylum not 
already represented.already represented.

A family in any order A family in any order 
of insect of any of insect of any 
phylum not already phylum not already 
representedrepresented

LifeLife--CycleCycleCaddisflyCaddisflyA family in a phylum other A family in a phylum other 
than than ArthropodaArthropoda or or ChordataChordata

A family in a phylum A family in a phylum 
other than other than 
ArthropodaArthropoda or or 
ChordataChordata

Test Test 
MethodMethod

Test Test 
SpeciesSpeciesUS EPA RequirementUS EPA RequirementEU RequirementEU Requirement

Test ProceduresTest Procedures

All tests followed All tests followed 
OECD, ASTM, EPA OECD, ASTM, EPA 
methods.methods.
Tests were Tests were 
conducted using conducted using 
flowflow--through through 
methods where methods where 
possible.possible.
All studies had All studies had 
measured exposure measured exposure 
concentrations concentrations 
(dissolved Co)(dissolved Co)
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Acute toxicity data for CobaltAcute toxicity data for Cobalt

167000167000CrangonyxCrangonyx pseudogracilispseudogracilis

72190007219000BrachycentrysBrachycentrys americansusamericansus
259425259425ChironomusChironomus tentanstentans

7910079100SeratellaSeratella tibialistibialis
6160061600LymnaeaLymnaea stagnalisstagnalis
1598015980DanioDanio reriorerio
59175917Daphnia magnaDaphnia magna
39003900CentroptilumCentroptilum conturbatumconturbatum
32903290HyalellaHyalella aztecaazteca
31723172FatheadFathead minnowminnow
21102110Mottled Mottled SculpinSculpin
19211921CeriodaphniaCeriodaphnia dubiadubia
11471147Rainbow troutRainbow trout

LC50 (LC50 (µµg/L)g/L)SpeciesSpecies

Note: Some 
data should be 
considered 
preliminary

Fathead Minnow LifeFathead Minnow Life--stage stage 
Sensitivity Sensitivity 
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Co Acute toxicity is affected by Co Acute toxicity is affected by 
water hardnesswater hardness

C. dubia
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Acute toxicity data for CobaltAcute toxicity data for Cobalt

167000167000167000167000CrangonyxCrangonyx pseudogracilispseudogracilis

7886251788625172190007219000BrachycentrysBrachycentrys americansusamericansus
251265251265259425259425ChironomusChironomus tentanstentans

86411864117910079100SeratellaSeratella tibialistibialis
45530455306160061600LymnaeaLymnaea stagnalisstagnalis
13038130381598015980DanioDanio reriorerio
4260426039003900CentroptilumCentroptilum conturbatumconturbatum
3689368959175917Daphnia magnaDaphnia magna
2513251332903290HyalellaHyalella aztecaazteca
2374237431723172FatheadFathead minnowminnow
2030203021102110Mottled Mottled SculpinSculpin
1296129619211921CeriodaphniaCeriodaphnia dubiadubia
1226122611471147Rainbow troutRainbow trout

LC50 (LC50 (µµg/L)g/L)
(@hardness of 50 mg/L)(@hardness of 50 mg/L)LC50 (LC50 (µµg/L)g/L)SpeciesSpecies
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Chronic toxicity data for CobaltChronic toxicity data for Cobalt

771771997997691691Rainbow troutRainbow trout
13931393

463463
205205
6565
----
1818
1515
1111
----

EC20 EC20 
((µµg/L)g/L)

11051105755755DanioDanio reriorerio

326326301301FatheadFathead minnowminnow
224224123123ChironomusChironomus tentanstentans
41415454Daphnia magnaDaphnia magna
----2323P. P. subcapatatasubcapatata
19191111LymnaeaLymnaea stagnalisstagnalis
12126.36.3Ceriodaphnia dubiaCeriodaphnia dubia
8.88.85.55.5HyalellaHyalella aztecaazteca
----4.94.9Lemna minorLemna minor

EC20 (EC20 (µµg/L)g/L)
(@hard. of 50 (@hard. of 50 

mg/L)mg/L)
EC10 EC10 
((µµg/L)g/L)SpeciesSpecies

Note: Some data should be considered preliminary

Acute to Chronic RatiosAcute to Chronic Ratios
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HC5 calculationHC5 calculation

Chronic data for Chronic data for 
10 species 10 species 
available.available.
EC10 values used.EC10 values used.
Lowest EC10 for Lowest EC10 for 
Lemna minorLemna minor (4.9 (4.9 
µµg/L).g/L).
Median HC5 = 1.54 Median HC5 = 1.54 
µµg/L (95% CI: g/L (95% CI: 
0.140.14--6.03)6.03)

Calculated using ETX 2.0 (RIVM 2004)

Chronic Criteria Calculation for Chronic Criteria Calculation for 
CobaltCobalt

1.541.54HC5HC5
6.56.5200200

5.35.3100100

4.34.35050

ee.2936(Ln .2936(Ln 

hardness)+0.3211hardness)+0.3211
Using USEPA Using USEPA 
SSD approachSSD approach

Co (Co (µµg/L)g/L)

Hardness Hardness 
(m(mg/L as g/L as 
CaCO3)CaCO3)EquationEquation

Final Chronic Final Chronic 
Value (Value (µµg/L)g/L)
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ConclusionsConclusions

Cobalt acute toxicity (LC50) ranges from Cobalt acute toxicity (LC50) ranges from 
~1mg/l to more than 1 g/L. ~1mg/l to more than 1 g/L. 

No obvious sensitivity differences among No obvious sensitivity differences among 
organisms groupsorganisms groups

Co is substantially more toxic chronically    Co is substantially more toxic chronically    
(EC10: 5(EC10: 5--755 755 µµg/L) g/L) 

Invertebrates appear more sensitive than fish Invertebrates appear more sensitive than fish 
Available data show that Co toxicity is Available data show that Co toxicity is 
affected by water quality parameters such as affected by water quality parameters such as 
hardness and pH and may be affected by hardness and pH and may be affected by 
organic carbon concentrations.  organic carbon concentrations.  

ConclusionsConclusions

BioticBiotic--ligandligand models are currently under models are currently under 
development and will affect calculation development and will affect calculation 
of PNEC/AWQC values.of PNEC/AWQC values.
PNEC/AWQC (chronic) values are likely PNEC/AWQC (chronic) values are likely 
to be in the low to be in the low µµg/L (1.5g/L (1.5--7) range.  7) range.  
Consideration of BLM parameters may Consideration of BLM parameters may 
well affect these values.  well affect these values.  

Background concentrations in European Background concentrations in European 
surface waters are estimated to be in the surface waters are estimated to be in the 
range of 0.18range of 0.18--0.21 0.21 µµg/L.g/L.
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ManganeseManganese

Literature ReviewLiterature Review

More than 250 articles have been More than 250 articles have been 
identified and retrievedidentified and retrieved
Greater than 85% of those were Greater than 85% of those were 
rejected due to lack of relevancy, rejected due to lack of relevancy, 
insufficient information on test insufficient information on test 
conditions, poor test design (e.g., single conditions, poor test design (e.g., single 
dose level), statistics not used to derive dose level), statistics not used to derive 
toxicity valuestoxicity values……
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Review StatusReview Status

Identified chronic exposure data Identified chronic exposure data -- wwaterater

————AlgaeAlgae
————Higher PlantHigher Plant

————Family in any order of insect Family in any order of insect 
or not already representedor not already represented

————Family in phylum other than Family in phylum other than 
ArthropodaArthropoda or or ChordataChordata

————InsectInsect

ENSR 1989, 1992; ENSR 1989, 1992; 
BiesingerBiesinger and Christensen and Christensen 
19721972

CeriodaphniaCeriodaphnia dubiadubia, , 
Daphnia magnaDaphnia magna

CrustaceanCrustacean

ENSR 1996ENSR 1996Fathead MinnowFathead MinnowSecond family in phylum Second family in phylum 
ChordataChordata

Davies and Brinkman 1998; Davies and Brinkman 1998; 
GoettlGoettl and Davies 1978; and Davies 1978; 
Lewis 1978; Stubblefield et Lewis 1978; Stubblefield et 
al. 1997al. 1997

Rainbow Trout, Brook Rainbow Trout, Brook 
Trout, Brown TroutTrout, Brown Trout

FishFish

ReferenceReferenceTest SpeciesTest SpeciesTaxonomic GroupTaxonomic Group
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Identified acute exposure data Identified acute exposure data -- waterwater

————Family in any order of insect, or Family in any order of insect, or 
any phylum not already any phylum not already 
representedrepresented

ENSR 1996, ENSR 1996, LasierLasier et al. 2000; et al. 2000; 
BorgmannBorgmann et al. 2005et al. 2005

HyalellaHyalella aztecaaztecaBenthic crustaceanBenthic crustacean

Wade et al. 1989Wade et al. 1989AnodontaAnodonta imbecillusimbecillusFamily in a phylum other than Family in a phylum other than 
ArthropodaArthropoda or or ChordataChordata

ENSR 1996ENSR 1996ChironomusChironomus tentanstentansInsectInsect

ENSR 1990, 1992; ENSR 1990, 1992; BiesingerBiesinger
and Christensen 1972; and Christensen 1972; LasierLasier
et al. 2000et al. 2000

CeriodaphniaCeriodaphnia dubiadubia, , 
Daphnia magnaDaphnia magna

PlanktonicPlanktonic crustaceancrustacean

ENSR 1996ENSR 1996Western ToadWestern ToadThird family in the phylum Third family in the phylum 
ChordataChordata

ENSR 1990, 1992, 1996; Lewis ENSR 1990, 1992, 1996; Lewis 
1978, 1978, BeleauBeleau and and BartoszBartosz 19821982

Fathead Minnow, Fathead Minnow, LongfinLongfin
Dace, Northern Dace, Northern 
SquawfishSquawfish

Second family of fish in the Class Second family of fish in the Class 
OsteichthyesOsteichthyes

ENSR 1990, 1994; Davies and ENSR 1990, 1994; Davies and 
Brinkman 1994, 1995, 1998 Brinkman 1994, 1995, 1998 

Rainbow Trout, Brook Rainbow Trout, Brook 
Trout, Brown TroutTrout, Brown Trout

Family Family SalmonidaeSalmonidae in the Class in the Class 
OsteichthyesOsteichthyes

ReferenceReferenceTest SpeciesTest SpeciesTaxonomic GroupTaxonomic Group

Summary of AcuteSummary of Acute--Chronic Ratio DataChronic Ratio Data

2828
150150

3131
150150

48/3148/31

4545

2626
5050
100100
200200
4848

3030

Water Water 
Hardness Hardness 
(as CaCO(as CaCO33))

3,1703,170
16,20016,200

5,1205,120
27,50027,500

15,97315,973

9,8009,800

8,7578,757
12,51312,513
20,49520,495
25,48025,480
15,64115,641

8,5578,557

LCLC5050
((µµg g 

MnMn/L)/L)

1,2011,201
3,4773,477

1,6991,699
2,8262,826

4,3304,330

4,1004,100

2,9222,922
4,3704,370
5,2815,281
6,9106,910
2,7312,731

2,2892,289

ECEC1010
((µµg g 

MnMn/L)/L)

3.61963.6196Geometric Mean ACRGeometric Mean ACR
3.50643.5064

2.63952.6395
4.65924.6592

Rainbow Rainbow 
TroutTrout

5.41565.4156
3.01353.0135
9.73119.7311

Brook TroutBrook Trout
3.68893.68893.68893.6889Brown TroutBrown Trout

2.39022.39022.39022.3902Daphnia Daphnia 
magnamagna

3.71033.7103

2.99692.9969
2.86342.8634
3.88093.8809
3.68743.6874
5.72725.7272

CeriodaphniaCeriodaphnia
dubiadubia

3.73833.73833.73833.7383Fathead Fathead 
MinnowMinnow

Genus Genus 
Geometric Geometric 
Mean ACRMean ACR

Acute/Chronic Acute/Chronic 
Ratio (ACR)Ratio (ACR)SpeciesSpecies
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Criteria for program selectionCriteria for program selection

Tiered assessment strategyTiered assessment strategy
Identify/generate enough data to develop Identify/generate enough data to develop 
an acceptable answer (i.e., PNEC[NOEC*AF] an acceptable answer (i.e., PNEC[NOEC*AF] 
> PEC)> PEC)

AF vs. SSD approachAF vs. SSD approach
Will BLM approach help? (PNEC decreased Will BLM approach help? (PNEC decreased 
based on bioavailability concerns)based on bioavailability concerns)

Internationally acceptableInternationally acceptable
Test results must be acceptable to Test results must be acceptable to allall
regulatory authorities.regulatory authorities.

Test program overviewTest program overview

Life-cycleLemnaHigher plant

Life-cyclePseudokirchneriella
subcapitata

Algae

Life-cycleHyalella aztecaBenthic crustacean

Life-cycleSnailA family in any order of insect 
of any phylum not already 
represented

A family in any order of insect, or any phylum 
not already represented

Life-cycleCaddisflyA family in a phylum other 
than Arthropoda or Chordata

A family in a phylum other than Arthropoda
or Chordata

Life-cycleChironomidInsectInsect

Life-cycleDaphnia magnaCrustaceanPlanktonic crustacean

ELS or EU 
juvenile growth 

MedakaA third family in the phylum Chordata

ELSRainbow troutSecond family in the phylum 
Chordata

A second family of fish in the Class 
Osteichthyes (preferably a commercially or 
recreationally important warm-water species 

ELSFathead minnowFishthe family Salmonidae in the Class 
Osteichthyes

ChronicTest SpeciesEU RequirementUS EPA Requirement
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What does the future hold?What does the future hold?

New data will become available:New data will become available:
Old metals (Cu, Old metals (Cu, PbPb, Ni, , Ni, CdCd, Zn, Zn…….).)
New metals (Co, W, New metals (Co, W, MnMn, Au, Pt, , Au, Pt, SnSn, , ……))
Organics (Emerging Chemicals)Organics (Emerging Chemicals)

BLMsBLMs


